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A FULGURITE FROM KARNAK, WESTERN VICTORIA.

By A. W. Beasley, Curator of Minerals, National Museum

of Victoria.

ABSTRACT.

This paper records the discovery of a fulgurite approximately 5 feet long
in a sandhill at Karnak, Western Victoria. It has been formed by a lightning
discharge penetrating the sandhill and melting the quartz sand along its path.
The fulgurite is tubular in form, and is composed essentially of lechatelierite
(silica glass) and partly fused quartz grains. Its central cavity is considered
to be due to rapidly-developed outward pressure from the expansion of heated
gases (steam and air) along the path of the lightning discharge. Probable
causes and modes of formation of various other characters of the fulgurite are
discussed. New records of Victorian fulgurites are listed from Goroke, Kiata
and Glenthompson.

INTRODUCTION.

In October 1959 an unusual specimen was submitted to the
Museum for ideutification. The specimen, fouud at Karnak in
Western Victoria, proved to he a fulgurite fragment.  As few
fulgurites had been recorded from Vietoria, only two fragments
being then in the Musewmn Collection, further search in the
vicinity was encouraged.  This seareh resulted in the finding of
the fulgurite now deseribed. It is similar in nature to what are
called ** saud-tube 7 fulgurites by Fennev (1949). It has been
formed by the welting of quartz sand by lightning, and is tubular
in form. The fulgurite is the Jongest so far discovered in
Victoria.

OCCURRENCE.

The fulgurite (see Plate 1) was found by Mr. H. A. Keys
in a sandhill on the property of Mr. J. F. Avmstrong of Karnak,
9 miles south of Goroke, Western Victoria. This is flat, senu-
desert conntry just south of the area kinown as the Little Desert.
The fulgurite came from allotment 18, Parish of Karnak, County
of Lowan,



A FULGURITE FROM KARNAK

RED CLIFFS®
YARRARA® NEW SOUTH WALES
icowmeng @BRONZEWING
@TEMPY
OKIATA
VICTORIA
@GOROKE
@OKARNAK
®GLE NTHOMPSON
SCALE OF MILES
) 25 50 75
L 1 1

Fi1g. 1.—Map showing Victorian fulgurite localities.
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.Follm.\'mg the discovery of a small Iragment lying on the
surface of the sandhill, a muuber of similar picces was found
scattered ub_out nearby.  Several months later, at the sane
locality, a prece of fulgurite was seen projecting a little above
the sand surface. Arwstroug and Keys dug at this pomt and,
on finding that the fulgurite extended vertieally downwards, they
excavated 1o a depth of 6 feet aud extracted the eutive t'ulgnritls
from the sand. Tt proved to he hrittle and, in spite of great cave,
hroke into segments up to 3 juches in length during the excavation
and vemoval.  Each piece was systematieally kept, and  the
iulgunfe has heen mounted o exhibit ity oviginal  forn.
Photographs (see Plate 2) werve taken at various stages of
excavation of the fulgurite, which occurred practically vertical
in the sand. |

DrEscriprrion.

The Karnak fulgnrite has a length of just over d 1. 1 in. It
dinnnishes i width vertically from a wmaxinmnn diameter of
20 mnn at the top to 3 nun. at the hase.

At 2 ft. 5 i from the top, a branch emerges downward at
an angle of 20 degrees with the vevtical.  'This hranch gradually
dintnishes in diameter from a maxinmnt of 6w, at the top to
3 nun, at the bhase.

At a distance of 4 ft. 71 in. from the top the fulgurite
bifureates, the length of cach forked hranch being 51 wehes.

The extertor of the fulgnvite is very pale fawnish grey iu
colonr and has a rough surface. There arve three or four
sub-parallel, discontinnous longitudinal ridges and many suall
protuberances (papillac and spikes) on this outer surface. It is
encrusted with partly fused and adhevent unfused sand grains.

The wall of the fulgnrite tube averages about 1 mm. in
{hickness, ranging from 0-5 mu to 2 nun. The juternal opening
(lmmen) is lined by swoothed  and  glazed silica glass
(lechatelierite) coutaiuniug nmuerous gas vesieles. Some of these
cavities can clearly he seen with a hand leus, and thin sections
of the fulgnrite show that as well as heing :ll)l‘llltlmlf, the gas
vesicles are of various sizes and shapes.  In colonr the
lechatelierite is smoky-grey or white to the naked eye, while
under the microscope mueh of it appears brownish.  The dark
colonr is evidently dne to impnrities sneh as iron oxides.  Flow
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lines are quite conspicnons i parts ol the glass, and are
frequently pavallel (o fhe Tength of (he Fulgnrite, assing
ontwards towards the exterior, pavtly fosed sand grains become
common; they are almost entively quarts graing,

The Toen is subciveular i eross seetion, Hois widest af, {he
top of the falgnrtte, where the wmaximun diameter is 7 oo, and
i decercases downward to 1w, af (he bottom.  This tubnlar
cavity was found to be alnost completely filled with sand.

The specitie gravity of a small picee of the fulgnite, ground
o apowder which was boiled in distilled water to expel all air
hetore deying and weighing, was fonnd fo he 2- 18,

Sinee fulgurite fragments swere fonnd geattered arommd (he
top of the Karnak talgurite on the surface of the sandhill, the
origiual dength was appavently geeater than that stated aboyve,
A the Toeality the sandhills arve nof grassed, and the surefaee saod
s Dlownrahont particalarly during periods of dey, windy weather,
The imber of Pragments on the s taee snggests it e offeets
of wind crosion have cansed a veduetion of at least 1 foot in the
levgth of the fulgurite,

b external shape the Karnak tolgnrite elosely resembles
a tnlgurite from Moveton  Iland, Quecnsland,  deseribed by
Covnali, (1997, p. 20).

CoNTPOsITION,

Microscopic  exmuination  has  shown  that  the  Karmak
fulgnrite is composed essentially of lechateliorite (silica gliss)
and partly fused quantz grains e it is composed essentially of
Rilicd,

Chentieal analyses of * sand-fube ™ fulgnreites trom different
Parts of the world show fhat they are of practically the saime
composition ax that of the sands in whicl they were formed.
A echauical analysis of fhe sandy matevial simerounding e

. . (4

Navnalk folgrite shows that it is made up ot —

Sand size parvticles 92005 per eont,

Nilt size pavticles G- 19 per cont,

Clay size particles——1-66 per cout,
Under the microscope this sievonnding sand s scen {o be
composed almost cntively of quavtz. Other minerals, imelnding
Linonite,  felspar, wagnetite, ilmenite,  lencoxene, tomrmaline,
ziveon, rutile and wica, are very seavee, 1'he quartz grains are
not greatly iron stained,
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A mechanical analysis of the sandy material from inside the
fulgurite tube showed that it is made up of :—

Sand size partieles—92-13 per cent,
Silt size particles—6-29 per cent.
Clay size particles—1-58 per cent.

The mechanical composition is thus ahnost identical with that
of the sandy material surrounding the fulgurite.  Mieroscopie
examiuation has shown that the mineralogical composition also
1x almost identical with that of the sand smrrounding  the
tulgurite.

Chemical analyses of *¢ sand-tube ™ fulgurites (Ifenmer, 1949,
p. 134) show a range in silica content from 83-46 per cent. to
9644 per cent. 1t has generally been foumd that the fulgnrite
is more sihceous than the surronnding sand.

[ForMATION.

Enguiry has indicated that violent eleetrical storms are not
infrequent in the Karnak=Goroke arvea of the Western Winunera
and also in the adjoining Mallee distriet of Vietoria. There ave
many sandhills in hoth of these distriets,

To form the Karnak fulgurite a  lhightuing  discharge
penetrated the ground to a depth of more than 5 feet, forking
twice and melting the quartz sand along its path. A very high
temperature must have existed, sinee the melting pomt of quantz
is over 1,700 degrees Centigrade—although with some materials
with fuxing cffeets present the guartz would melt at a lower
temperature.

The internal opening  (mnen) is most probably ‘dne to
rapidly-developed ontward pressure from the expansion of heated
gases  (steam and  air) aloug the path 0‘( the discharge.
Excavation work to extract the fulgurvite from the sandhill
<howed that the sand beeame damp at a depth of 3 111‘«}1(!5 l)(:](.)w
the surface, and that water was ])]'(‘S(‘lli'.:l,t a depth ().( ") ft. in.
Enqguirvy indicates that the sand remams damp within a few
inches of the snrface throughont the year, ;11‘(]1()11.;,:.11 the wa!,m'
table falls daring the sunnmer months.  The terrific heat of a
lightning discharge in damp sand wonld produce a large amount
of steam almost instantanconsly, as well as 1}1(!lt111g tho sand
grains. Micerosceopic examination slmwg clear o.vnl,(jm'o ol f:h_o flow
movenents that ocenrred in the once viscous and frothy siliceons
mass,  Cooling of the melted mass of sihiea was rapid, the outer
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part solidifying first.  Pressnre mainly from the rapid expansion
of the steam would foree hot, plastie silica outward, appavently
producing a tubnlar space np which the gas mshed to escape at
the top.  Since the cooling was too rapid for crystallization, the
fulgurite solidified as a mass of vesienlar stlica glass with
a tubnlar form.

The glazing on the surtface of the hunen has apparently heen
aused by the rush of gas upwards through the tube.

With reference to the semi-fused and unfused sand grains,
1t would seem that they were embedded in the rapidly cooling
mass by the external pressuve of the swrronnding sand.

The water table appears to have been a factor in determining
the downward liniit of the fulgurite: and the fulgnrite’s shape
i no donbt partly due to differential resistance to passage of
the lightning discharge, rvesnlting from variations in moisture
content, compaction, &e. of the saud.

Unegnal contraction of the fnlgnrite glass on cooling would
produce fine cracks in it.  Subsequent weathering wonld enlarge
some of these eracks and, from settling of the <and in the sandhill,
there would probably be firther fractnring of the thin-walled
fulgnrite. Some material has probably enteved the central cavity
through such cracks, although most of the sand inside the
fulgmrite tube is believed to have entered from the top.  Sinee
the fulgurite would be lett open at the top on solidification, sandy
material might have entered soon afterwards,

With reference to the formation of fulgnrites, Simpson
(1931, p. 146) has recorded that at West Popanyvimiing in
Western Australia a violent flash of lightning was scen to strike
some sandy ground and ** thereafter simoke or steam was observed
rising fronm the ground where it was struek . He records that
on quick mmvestigation the ground was fonnd to he blackened and
still hot over an arca of about 50 square inches, and digging
revealed a ¢ sand-tube ** fulgnrite approximately 3 feet long.

Fulgurites considerably longer than the one here deseribed
have been found in various parts of the world. The force of the
lghtning stroke, the thickness of sand, and the resistanece to the
passage of the electrical discharge i the gronnd are the
controlling factors which determine the length of “ sand-tube
fulgurites. In considering the formation of fulgurites it is
significant to note that, according to Professor I.. B. Loeh (1949,
p. 22), a temperature of 30,000 degrees Centigrade mav be
reached in a lightning flash. i 1
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VicroriaN FurcuriTe LOCALITIES,
) In Vietoria, fulgurite fragments have been recorded by
Fenner (1949, p. 133) from Bronzewing, near Ouyen, in the
Mallee district.  Baker (1959, p. 217) has also recorded them
from several places in the Mallee distriet, viz., at Yarrara, Red
Clifts, Tempy and south of Cowangie. |

- As well asat Karnak, fulgurites have vecently been
dvlz'\f("()\'el'(’(l at Goroke, Kiata and Glenthompson in Western
Victoria. At these localities they were fonnd mainly as small
fragments lyving scattered abont on the snrface of sandhills.
However, excavation in a sandhill near Goroke resulted in the
extraction of a fulgnrite which persisted downwards for 3 feet.
The specimens fron these localities are now in the Collection of
the National Mnseum of Vietoria. They are similar in natnre
to the Karnak tnlgurite.
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PLATE 1.
The Karnak fulgurite mounted for display purposes.
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Fig. 2. A later stage of the excavation. Note piece of fulgurite in man’s hand

PLATE 2.
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